Recent studies have demonstrated that remembering past experiences and imagining future scenarios recruits a core network including the hippocampus. Even so, constructing future events engages the hippocampus more than remembering past events. This fMRI study examined whether increased hippocampal activity for future events includes both specific and general events. Participants constructed specific and general past and future events during fMRI scanning. We replicated previous findings of increased activity in the right anterior hippocampus when constructing future relative to past events, and when constructing specific relative to general events. Importantly, both effects were driven by a significant interaction between temporal direction and specificity, with specific future events resulting in more activity than other conditions, including general future events. No regions exhibited greater activity during the construction of past relative to future events, or general relative to specific events. These results suggest that the process of constructing a detailed representation of a novel and specific future event differentially engages the right anterior hippocampus compared with other forms of event simulation and recall. Future work is needed to disambiguate the role of encoding, novelty and detail recombination in engaging the right anterior hippocampus during simulation. 
INTRODUCTION
Episodic memory allows humans not only to re-experience the past in rich detail but also construct vivid simulations of the future. Consistent with this idea, deficits in future simulation are evident in a number of populations that typically exhibit memory impairments, including patients with amnesia, older adults, depression and schizophrenia. Moreover, neuroimaging evidence supports the idea that memory and future simulation rely on the same neural network that includes the medial prefrontal and parietal cortex, medial temporal lobes (including hippocampus), and lateral temporal and parietal cortex (see Schacter et al., 2007 Schacter et al., , 2008 , for reviews of patient and neuroimaging findings).
The hippocampus has emerged as a key node in this network, particularly with respect to episodic simulation. Several studies suggest that this region is differentially involved in imagining episodic events relative to remembering previously experienced events (e.g., Okuda et al., 2003; Addis et al., 2007 Addis et al., , 2009 Weiler et al., 2010a,b) . These observations are critical to the constructive episodic simulation hypothesis (Schacter and Addis, 2007a,b;  for related views, see Corballis, 1997, 2007; Buckner and Carroll, 2007; Szpunar and McDermott, 2008; Buckner, 2010) , which was advanced to explain both the reliance of memory and simulation on a common network and the increased hippocampal activity evident during future simulation. This hypothesis contends that (a) episodic memory provides a source of details for future event simulations and (b) the constructive nature of episodic memory allows the flexible recombination of such details into a coherent simulation. Thus, while the construction of both past and future events requires retrieval of details from episodic memory, leading to common recruitment of the core network, the construction of future events involves an additional process of flexibly recombining the details extracted from memory into a coherent scenario. We have suggested that such flexible recombination of details requires additional relational processing (Cohen et al., 1997) supported by the hippocampus Addis, 2007a, 2009) .
Consistent with this idea, neuroimaging studies have reported differential activation of right anterior hippocampus during simulation relative to remembering. Addis et al. (2007) reported that this effect was evident early on in the construction phase of a trial when one is initially trying to generate an imagined scenario, but not during the later elaboration of the event. This simulation > remembering effect during construction was replicated using an experimental recombination paradigm . Here, participants imagined past or future events involving a set of details that the experimenter randomly extracted and recombined from a number of the participants' own memories. This procedure resulted in activity in the anterior hippocampus that was unique to the process of simulation relative to remembering. Moreover, Addis and Schacter (2008) found that while posterior hippocampal activity correlated with the amount of detail comprising both past and future events, anterior hippocampal activity correlated only with the amount of detail comprising future events. More recently, Weiler et al. (2010a) manipulated the occurrence probability of future events and reported that right anterior hippocampal activity increased when subjects imagined future events that had a low probability of occurring during the upcoming holidays compared with those that had a higher probability of occurring. The authors suggested that the increased hippocampal involvement for low probability events reflects higher demand on binding of event features during construction as compared with high probability events.
Interestingly, while most studies examining the reverse contrast of remembering > imagining report more activity primarily in posterior visuospatial regions, such as cuneus , Weiler et al., 2010b , retrosplenial cortex (Abraham et al., 2008) , precuneus Weiler et al., 2010a) and parahippocampal gyrus (Okuda et al., 2003; Abraham et al., 2008) , three studies have reported greater hippocampal activity for past versus future events (Abraham et al., 2008; Botzung et al., 2008 , Weiler et al., 2010b . These contrasting findings may be related to characteristics of the paradigms used. In Botzung et al.'s (2008) paradigm, future events were already constructed before the scanning (and thus remembered in the scanner), meaning participants were not constructing a novel future event but instead retrieving an event representation that is typically less detailed relative to previously experienced events (cf. Johnson et al., 1988) . In Abraham et al.'s (2008) paradigm, they asked participants to answer yes or no to whether a particular scenario is likely to occur in future (e.g., clubbing at the age of 40) or whether it did occur in the past (e.g., giving a speech at a wedding). Thus, it is possible that while the past event statements can automatically cue past experiences, one can answer the future statements without engaging in a detailed simulation of that event that requires recombination of episodic details. Weiler et al. (2010b) found that the right posterior hippocampal responses to past and future events showed distinct time courses. Specifically, a past > future effect was evident during the initial construction phase, while a future > past effect was evident during the subsequent elaboration phase. While this result appears to contradict that of Addis et al. (2007) , where the future > past effect in the right anterior hippocampus was evident only during construction, Weiler et al. (2010b) suggest the absence of a future > past effect may reflect similar task demands across the conditions during construction, or differential contributions of the posterior (past > future) and anterior (future > past) regions of the right hippocampus.
Overall, neuroimaging findings suggest the anterior hippocampus may support the more intensive relational processing required when one must flexibly recombine details extracted from memory to create a coherent scenario ). However, the critical features of this imagining > remembering effect are still being established. A fundamental and as yet unanswered question is whether greater hippocampal recruitment during the construction of imagined than remembered events depends on the temporal specificity of the event. Previous work in autobiographical memory has shown that retrieving both general, repeated events (e.g., routines) and specific, unique events significantly engage the hippocampus (Addis et al., 2004) . By contrast, constructing imaginary events for the first time may place greater demand on recombining details to form an event representation that is specific in time and place, relative to constructing a routinized future event that may rely more closely on previously experienced routines and therefore require less relational processing. As such, specific future events likely comprise more novel detail combinations than general future events and remembered past events. Thus, we predicted that if the hippocampus is particularly responsive to the relational novelty of specific future events (Kohler et al., 2005) , then hippocampal activity should be greater for specific future events relative to general future events and specific and general past events.
Twenty-three healthy, right-handed adults consented to participate in this study approved by the Massachusetts General Hospital Institutional Review Board. Eight participants were excluded due to scanner malfunction, excessive movement or an insufficient number of responses. Thus data from 15 participants (eight males; age range, 18-33 years) are presented here. None of these subjects had participated in our previous fMRI studies on future simulation.
The paradigm used here is a variation of that used in our previous study . Participants completed 16 trials of each of 4 autobiographical event conditions (generalfuture, specific-future, general-past, specific-past) in the magnetic resonance imaging (MRI) scanner. Specific events were temporally and contextually specific, occurring over minutes or hours, but not more than 1 day (e.g., recalling a special dinner; imagining a marriage proposal). General events were repeated (''routine'') episodes that had happened or could happen repeatedly (e.g., high school choir practice; commuting to a future job). In order to differentiate past from future routines (i.e., to avoid events which have been done before and will be done again), participants were instructed to think only of routines in which they are not currently engaging. Future events had to be novel and plausible. Events were to be experienced from a field rather than observer perspective. Each trial consisted of a 20-s phase when a cueing slide specifying the condition (remember/imagine a specific/routine event), a time period (last/next year/5-20 yrs) and a cue word (highly imageable, concrete and high frequency nouns; Clark and Paivio, 2004) was displayed. Participants made a button press when an event was in mind. Four rating scales followed (4 s each): (1) amount of detail retrieved/imagined (1 5 vague; 5 5 vivid); (2) intensity of emotion experienced (1 5 detachment; 5 5 highly emotional); (3) a binary decision for event perspective (field/ observer); and (4) a binary decision of whether the participant stayed on task for the trial (on/off task). Participants also com-pleted 16 trials of each of 2 control tasks (imagery, semantic), each for 20 s; for more information on these tasks, see Addis et al. (2007) . Each control trial was followed by four rating scales (4 s each): (1) amount of detail generated (1 5 vague; 5 5 vivid); (2) semantic relatedness of word/objects generated to the cue word (1 5 unrelated; 5 5 highly related); (3) a binary decision for task difficulty (easy/hard); and (4) a binary decision of whether the participant stayed on task for the trial (on/ off task). All trials were followed by a fixation cross for a jittered duration (M 5 4 s; range 2-6 s).
Participants completed a postscan interview in which they described each event generated during scanning. Event specificity (specific, general) was confirmed by the experimenter. Only those events that could be described during the postscan interview and were specific or general were included in the data analysis. For general events, it was confirmed that the routines were not current. Participants rated events for personal significance (1 5 insignificant; 5 5 significant), valence (positive/ negative/neutral), and provided the actual/predicted temporal distance (years from the present) of events. Future events were rated for similarity to previous thoughts/imaginings and experiences (1 5 I have never imagined/experienced this; 5 5 I have imagined/experienced this exactly) and how frequently these thoughts or events are experienced (1 5 never; 5 5 all the time) (Table 1) .
Detailed anatomical data were collected on a 3T Siemens Allegra MRI scanner using a multiplanar rapidly acquired gradient echo (MP-RAGE) sequence. Functional images (25 coronal oblique slices, 5 mm thick, no gap) were acquired at an angle perpendicular to the long axis of the hippocampus in an interleaved order using a T2*-weighted echo planar imaging (EPI) sequence (TR 5 2,000 ls, TE 5 23 ls, FOV 5 200 mm, flip angle 5 908). Note that for two participants, data from one run (16 trials) were lost due to a scanner malfunction. Cues were projected on a screen viewed on a mirror incorporated into the head-coil. E-Prime software (Psychology Software Tools, Inc., Pittsburgh) was used for the presentation and timing of stimuli and collection of response data. Responses were made on an MR-compatible five-button box.
Preprocessing and analysis of imaging data was performed using SPM2 (available at: http://www.fil.ion.ucl.ac.uk/spm/). Standard preprocessing of functional images was performed, including rigid-body motion correction and unwarping, slicetiming correction, spatial normalization to the Montreal Neurological Institute (MNI) template (resampled at 2 3 2 3 2 mm 3 voxels), spatial smoothing (8 mm full-width half maximum Gaussian kernel) and removal of linear slope to correct for drift. Each trial was modeled by SPM2's canonical hemodynamic response function. Although the present study focused on neural activity at event construction, to be consistent with our previous study using this paradigm we included regressors for both construction (2 s after task-onset to allow for reading of the cue) and elaboration (1 s after RT indicating an event was in mind). Trials on which the RT was less than 3 s (i.e., <1s after the construction regressor) or no response was made were dropped from the analysis. Thus, the fixed-effects model for each subject comprised 12 regressors, two (construction and elaboration) for each of the six conditions. On average, participants contributed 12 general-future, *Significant main effect of specificity, P 0.004 (Bonferroni-corrected threshold). **Nonsignificant main effect of specificity, P < .05.
y Nonsignificant main effect of temporal direction, P < 0.05.
13 specific-future, 12 general-past, 13 specific-past, 15 semantic, and 15 imagery trials (out of a maximum of 16 trials per condition).
To examine the future > past effect, we collapsed across specificity (specific, general) and contrasted future > past and past > future. To examine specificity, we collapsed across temporal direction (past, future) and contrasted specific > general and general > specific. We also computed an interaction contrast, (specific-future and general-past) > (general-future and specific-past). Resulting contrast images were entered into random-effects one-sample t-tests, and a small volume correction was applied to correct for multiple comparisons (P FDR .05). This correction used a 10-mm sphere centered on the peak right hippocampal voxel in the future > past contrast from an independent dataset ; xyz 5 40 222 211), resulting in a search volume of 266 voxels. Peak MNI coordinates of activations were converted to Talairach space and localized using the Talairach atlas (Talairach and Tournoux, 1988) . Percent signal change was extracted using MarsBar toolbox for SPM (Brett et al., 2002) .
Analysis of RT data by repeated-measures analyses of variance [RM-analysis of variance (ANOVA)] revealed a main effect of condition, F (3,48) 5 11.11, P < 0.001, reflecting longer RTs for the imagery control condition relative to the autobiographical conditions (all P values <0.001). Importantly, there were no significant RT differences between the autobiographical conditions (all P-values > 0.25). A RM-ANOVA confirmed that temporal distance of autobiographical events did not differ according to specificity (general, specific), F (1,14) 5 3.06, P 5 0.10, or temporal direction (past, future), F (1,14) 5 1.33, P 5 0.27, nor did these factors interact, F (1,14) 5 0.30, P 5 0.59.
Wilcoxin Sign Ranks Tests were computed to test whether phenomenological ratings differed by temporal direction or event specificity. There were no significant effects of temporal direction (P values >0.28), except for detail where there was a trend toward significance (P 5 0.02) which fell short of the Bonferroni-corrected threshold (P 0.004). This nonsignificant effect was in the predicted direction, where past events were more detailed than future events. A trend was also evident for specific events being higher in detail than general events (P 5 0.02) but this also fell short of the Bonferroni-corrected threshold. Specific events were more emotional than general events (P 5 0.001), while valence was more positive for general than specific events (P 5 0.002). Consistent with the idea that specific-future events are more novel than general-future events, specific-future events were rated as being less similar to previous experiences (P 5 0.004), and a nonsignificant trend was evident for specific events being rated as less similar to previous thoughts (P 5 0.02). Moreover, the previous experiences drawn upon when constructing specific-future events were rated as having occurred less frequently than those drawn upon for general future events (P < 0.001), and a similar trend was evident for previous thoughts (P 5 0.02). These findings suggest when constructing future routines, participants were more likely to draw on memories of past routines than when constructing future specific events. Importantly, ratings of the similarity of future events to previous events were on average 3.66 on a 5-point scale (where 5 indicates high similarity to previous events), indicating that these simulations were not identical to previous experiences. Although the average rating for similarity to previous thoughts was higher at 4.13, it was not entirely surprising that participants were drawing on previous simulations they have had about the future. Chi-square tests (Preacher, 2001) revealed that the frequencies of field and observer ratings (v 2 5 3.31, P 5 0.35) and of on-or off-task ratings (v 2 5 5.46, P 5 0.14) did not significantly differ across the autobiographical conditions. The majority of trials were rated in accordance to task instructions (i.e., 95% of events were classified as field perspective; for 97% of trials, participants were ontask).
The contrast of future > past replicated previous findings of increased activity in the right anterior hippocampus (xyz 5 40 222 211, Z 5 2.91, P FDR 0.05; see left panel, Fig. 1 ). The patterns of activation underlying this effect of temporal direction were driven by the specific-future condition, while activity during the other autobiographical tasks was around or below baseline. The contrast of specific > general resulted in a significant effect in a proximal cluster of the right hippocampus (xyz 5 32 222 26, Z 5 2.77, P FDR 0.05; see right panel, Fig.  1 ), which was also driven by the specific-future condition. Consistent with these patterns, the interaction contrast confirmed the peak voxel from each cluster showed a significant interaction effect (xyz 5 40 222 211, Z 5 3.02, P FDR 0.05; xyz 5 32 222 26, Z 5 3.04, P FDR 0.05). Note that Right hippocampal activation identified by the future > past (left) and specific > general (right) contrasts are shown at P uncorrected < 0.005 (note that both activations survive small volume correction, P FDR 0.05). Percent signal change extracted from the peak voxel is shown for all conditions (GF 5 general future; SF 5 specific future; GP 5 general past; SP 5 specific past). All coordinates are in Talairach space.
the contrasts of past > future and general > specific did not result in any significant activations in the right anterior hippocampus. Given that both proximal clusters exhibit a significant interaction effect, it is likely both clusters are actually part of the same right hippocampal region that is maximally responsive to the specific-future condition.
Pairwise comparisons on percent signal change data were computed to confirm statistically that this interaction pattern reflected the fact that the future > past effect was evident only for specific events and did not generalize to generic events (with a Bonferroni-corrected threshold of P < 0.006). These comparisons confirmed that in both clusters, the future > past effect was only evident for specific events (P < 0.001); the future > past effect for general events was not significant in either cluster. We also examined whether these right hippocampal effects evident during construction persisted into the elaboration phase. Pairwise comparisons on percent signal change data extracted from elaboration showed that the future > past effect for specific events persisted into elaboration in both clusters (P values 0.002), but were not evident for the elaboration of generic events.
Although our primary focus in this report concerns the future > past effect in the right hippocampus, the whole-brain results for the contrasts of future > past and specific > general are reported in Table 2 for completeness. These maps were thresholded using a combined voxel-threshold of P uncorrected < 0.001 and cluster-threshold of 68 voxels (equivalent to corrected P < 0.05; Slotnick et al., 2003) . A future > past effect was evident in bilateral medial prefrontal cortex, precuneus and inferior parietal lobule. Moreover, a specific > general effect was also evident in bilateral medial prefrontal cortex, left inferior parietal lobule, right insula and parahippocampal gyrus. Neither of the reverse contrasts (past > future; general > specific) resulted in any significant activation. We also conducted a conjunction analysis at construction. Control trials were randomly divided into two independent sets of 16, and then contrasts of past (general/specific) > ''control 1,'' and future For each cluster of activation, the Talairach coordinates of the maximally activated voxel is reported. a Peak voxel from hippocampal ROI analysis; BA 5 Brodmann area, B 5 Bilateral, L 5 left, R 5 right.
(general/specific) > ''control 2'' were computed. At the random-effects level, a conjunction analysis ([past > ''control 1''] AND [future > ''control 2'']) was performed using SPM2's masking function (see Addis et al., 2007 for more detail). The conjoint probability estimated using Fisher's method (Fisher, 1950) was P uncorrected <.001. Again, a cluster threshold of 68 voxels was used, and these findings are also presented in Table  2 . This analysis replicated findings of core network activation despite the fact that half of the events in this analysis were generic. Regions exhibiting this conjunction effect included bilateral medial/frontopolar cortex, medial parietal and posterior cingulate cortices, inferior parietal lobule and middle/superior temporal gyrus. No right hippocampal activity was evident in this conjunction, which is not surprising given the interaction effect. Of note, activity in the left hippocampus (xyz 5 224 222 29) was evident subthreshold (P uncorrected 5 0.001) in a location proximal to that reported during construction by Addis et al. (2007; xyz 5 222 220 212) . This study both replicated previous findings of increased activity in the right anterior hippocampus when one is simulating future events relative to remembering past events, and revealed evidence of an effect of temporal specificity, such that specific events were associated with stronger right hippocampal activity than general events. Interestingly, both the future > past and specific > general effects were driven by an interaction of temporal direction and specificity-where regions maximally responded to the construction of specific future events more than any other event type, including general future events. In contrast, the right hippocampus did not exhibit a past > future effect or a general > specific effect.
Importantly, here we establish another boundary condition to the future > past effect: this effect is not evident for all future events irrespective of temporal specificity, but is instead limited to specific future events. While the presence of a future > past effect but the absence of a past > future effect in the right anterior hippocampus replicates our previous findings (e.g., Addis et al., 2007 Addis et al., , 2009 , it contrasts directly with the recent findings of Abraham et al. (2008) and Weiler et al. (2010b) who report at past > future effect in the right hippocampus. While this difference could suggest there is something unique about the current paradigm that engages the hippocampus, it is notable that the future > past effect has been previously found using both the current Crovitz cueing paradigm as well as an experimental recombination paradigm . Another difference is that the various paradigms might require different levels of simulation. While those used by Addis et al. (2007 Addis et al. ( , 2009 and Weiler et al. (2010b) required participants to construct a detailed future simulation, the paradigm used by Abraham et al. (2008) required participants to make a yes/no judgment of the likelihood of future events and the occurrence of past events; such a judgment could be completed without engaging in simulation. For instance, one could answer ''Is it likely that you will still go clubbing at the age of 40?'' based on past and current activity (e.g., I have/still go clubbing) and preferences (e.g., I like clubbing) without constructing a specific event simulation. These differences could also reflect distinct functions of the anterior and posterior hippocampus. In the studies by Addis et al. (2007 Addis et al. ( , 2009 and the current study, the future>past effect has been documented in the anterior right hippocampus, while in Weiler et al. (2010b) , the past > future effect was evident in a more posterior location. Note that anterior-posterior location of the hippocampal activity in the study by Abraham et al. (2008) was not reported.
The current finding that specific-future events engage the hippocampus more than general-future and past events suggests that there is some interaction between imagination-related processes, such as novelty and encoding of newly formed representations, and the more detailed representations created when simulating specific rather than generic future events. The constructive episodic simulation hypothesis Addis, 2007a,b, 2009) proposes that findings of greater hippocampal activity during the construction of future events reflects the increased relational processing demands of recombining details into a coherent event simulation. Specific events were rated as more detailed than general events (although this effect fell short of significance). However, the greater hippocampal response to specific future events cannot be attributed simply to detail, because past events were rated as more detailed than future events, but past events showed activity at or below baseline in the right hippocampus. Moreover, D 'Argembeau et al. (2008) found no difference in hippocampal activity between near and far future events that differed in terms of subjective detail (i.e., vividness ratings). Detail could affect future-related hippocampal activity, however, in terms of varying how much information is encoded. Encoding more detail is associated with greater levels of anterior hippocampal activity (e.g., Giovanello et al., 2004; Staresina and Davachi, 2008) . Disambiguating the processing of detail recombination from encoding the detailed event representation is an important step in understanding the contribution of the right anterior hippocampus to future simulation (cf. Martin et al., 2010) .
Given that future events are also novel constructions, it is also conceivable that future-related hippocampal activity reflects, at least in part, a response to the inherent novelty of imagined events (e.g., Lepage et al., 1998; Ranganath and Rainer, 2003) that is not elicited when remembering already experienced events. If a simple effect of novelty detection underlies this future > past effect, it would be expected that the anterior hippocampus would be engaged more during the construction of both specific and general future events relative to past events. This pattern was not observed in the present study, where the future > past hippocampal effect was driven by specific future events-consistent with the behavioral finding that specific future events were considered more novel than general future events. Although both general and specific events were rated as containing novel information (i.e., very few events were rated as being identical to past experiences and thoughts), it is not surprising that imagined future routines drew more closely on previously experienced routines. In contrast, creating unique, specific events likely draws on information extracted and recombined from various and possibly unrelated past events, leading to more novel representations that result in increased hippocampal engagement. This idea is consistent with recent findings from Weiler et al. (2010a) that more unique, low probability future events result in increased hippocampal activity than high probability future events, likely due to higher demand on binding of event features. Moreover, the current results are consistent with prior work showing that the hippocampus is particularly responsive to relational novelty (Kohler et al., 2005) and the successful encoding of novel event representations (Poppenk et al., 2010) .
Aside from a difference in novelty, another explanation for the difference between specific and general future events is a more general difference between specific and generic events-that general events, whether past or future, are comprised of highly semanticized content and therefore may not even differ from the semantic control task. To rule out this explanation, we conducted supplementary analyses to determine whether past and future general events differed from each other and the semantic control task. Direct contrasts of general-future and general-past events provided evidence of neural differences between these event types (general-past > general-future; right occipital and right parahippocampal cortices, P uncorrected < 0.001). Moreover, both general past and future events resulted in more activation in medial prefrontal, medial parietal, and lateral parietal cortices (P uncorrected < 0.001) than the semantic control task.
The present results suggest that the process of creating and encoding a detailed and novel event representation differentially engages the right anterior hippocampus compared with other forms of event simulation and recall. Thus, while it is likely that encoding, novelty and detail recombination all make contributions to episodic simulation, an important direction for future research will be to disambiguate the role of each process in engaging the anterior hippocampus during simulation.
